In this study, hydrogel-(rice husk) biochar composite (HBC-RH) was prepared using acrylamide (AAm) as monomer, with N.N'-methylenebisacrylamide (MBA) as crosslinker, ammonium persulfate (APS) as initiator and rice husk biochar (RHB). The synthesized hydrogel-(rice husk) biochar composite was characterized for swelling capacity andthen utilized for the removal of zinc from wastewater. The optimum batch experimental conditions for this study were determined by evaluating the effect of solution pH, adsorbent dosage, adsorbate initial concentration and contact time. Langmuir isotherm best fitted the HBC-RH sorption of Zinc whereas the kinetic data were best described by pseudo second-order. The maximum monolayer sorption capacity of HBC-RH for zinc was 35.75mg/g.
Introduction
Heavy metals are more persistent in the environment than organic contaminants because of their non-biodegradable nature [1] . The removal of heavy metals from contaminated water has become a principal research area in recent years [2] . Due to their toxicity, heavy metals are considered as environmental priority pollutants and stringent standards are established to minimize human and environmental exposure to these toxic pollutants [3] . Zinc is known to be an essential element for human health and its low intake leads to retardation in growth [4] . However, high accumulation of zinc in humans (bioaccumulation) may cause gastro intestinal distress, lung disorders, metal fume fever, abdominal pain and even cancer [5] . Wastewater discharges that significantly contribute to environmental zinc pollution are from metals, pulp and paper industries, galvanizing plants, mining activities, municipal wastewater treatment plants, etc. [6] . The threats that are generated from zinc contaminated water can be averted by adsorption technique using low-cost adsorbents. Rice husk biochar (RHB) can be utilized as a low-cost adsorbent for the removal of contaminants from aqueous solutions. However, the low adsorption capacity of RHB warrants its modification for better adsorption capacity. RHB was modified by imbedding it into (acrylamide) hydrogel with N.N'-methylenebisacrylamide (MBA) as cross linker. The composite (HBC-RH) adsorbent is anticipated to demonstrate a high swelling ability and possess functional groups which favour the removal of zinc ion contaminants from aqueous environments. The primary aim of this study was to synthesize and characterize a hybrid adsorbent (HBC-RH), and to investigate its potentiality for the effective removal of Zinc from wastewater. Batch adsorption studies were conducted to investigate the effect of pH, adsorbent dosage, initial metal ion concentrations, and contact time on Zn (II) removal. Isotherm and kinetic models were also studied using the experimental data obtained.
Methodology
Synthesis of HBC-RH.The preparation of hydrogel-rice husk derived biochar composite (denoted as HBC-RH) was in accordance with procedures described by Karakoyun et al. [7] . Briefly, to synthesize HBC-RH sorbent, 1.0g of AAm was dissolved in 1.0mL of distilled water. 0.6g of rice husk biochar and 0.001g of MBA were added to the AAm solution. After thorough mixing, 0.2 mL of 0.1g aqueous solution of APS was added to initiate the polymerization. The hydrogel-biochar precursor solution was immediately placed into polyvinyl chloride (PVC) straws of 3mm diameter and placed in an oven at 40ºC. The HBC-RH was placed in the oven to speedy the polymerization and crosslinking process and to avoid the settling of biochar at the bottom of the PVC straws. The PVC straws containing hydrogel-biochar composites were removed from the oven after 30mins and left for 24hrs at room temperature (30ºC) to ensure complete polymerization and crosslinking. HBC-RH was taken from the straws, cut to desired sizes and washed several times with distilled water to remove all unreacted monomers and low molecular weight polymeric matter from the hydrogel. The washed HBC-RH was first dried in air before drying in a vacuum oven at 40 0 C for 24hrs.
Swelling behavior. The HBC-RHs were placed in beakers of distilled water to determine their swelling behaviours. The weight increases were measured at room temperature by periodically removing the hydrogel materials and weighing them. The following Eq. 1 was used to calculate the swelling ratio:
(1)
The graph of percent swelling degree (S%) of the hydrogel composite materials against time in distilled water were plotted to examine the trends. The highest swollen HBC-RH was utilized for the sorption studies.
Batch sorption studies. The pH of the solution is an essential parameter that affects the adsorption process. Thus, the pH study was conducted by varying adsorbate solution pH from 4 to 10 with zinc concentration of 30mg/L. The pH of the solution was adjusted by adding HCl and NaOH solution.
The adsorbate solution (300mL) was equilibrated by 0.3g HBC-RH for 2 days of shaking period. All the other experiments in this study were conducted at the optimum pH obtained to achieve maximum zinc removal. Adsorbent dosage is among the adsorption process parameters that greatly influence the removal of adsorbate from aqueous solutions [8] . Thus, the quantity of adsorbent was varied (0.05-3g/300mL) with constant zinc initial concentration and pH. Batch adsorption study of zinc was conducted using conical flasks filled with 300 mL of each different concentration solution (10-150 mg/L). 0.3g of HBC-RH were added into each solution and then placed in an incubator shaker to shake the solutions at 150 rpm and 28 0 C (± 2 0 C). The samples were agitated for complete 48hrs hrs to ensure that equilibrium was obtained. Thereafter, the adsorbents were separated from the agitated samples. The filtered solutions were analyzed using ICP-MS. Batch kinetic study was done to determine the dynamic behaviour of HBC-RH as an adsorbent for the removal of zinc from aqueous solutions. In this kinetic studies 300mL of zinc was shaken with HBC-RH (0.3g) at constant temperature of 28 0 C (± 2 0 C) and the pH were set at optimum. Samples of 5mL were carefully extracted from the solutions periodically (0.5 -48hrs). All the extracted samples were analyzed using ICP-MS. Finally, the adsorption isotherm (Langmuir and Freundlich isotherm) and kinetic (Lagergren first-order and pseudo-second-order kinetic models) modeling were also evaluated.
Results and Discussions
Swelling behavior.From the results obtained, HBC-RH was successfully synthesized. The swelling ratio percent (S %) graph depicted in Fig. 1 initially increased drastically which was later followed by a slow increase until it finally level off at 1008%.The high swelling capacity of HBC-RH can be attributed to the presence of hydrophilic groups (i.e. amino, carboxyl and hydroxyl groups) in the composite material. Ozayet al. [9] reported that hydrophilic functional groups such as -OH, −COOH, −NH 2 , −CONH 2 , and -SO 3 H in hydrogel networks grant them the ability to absorb large quantity of water and consequently swell. Effect of sorbent dosage.The Zn (II) removal percentage increased as more HBC-RH doses were been added to the solution as shown in Fig. 3 . Increasing HBC-RH dosage from 0.167 to 10g/L induces significant increase in zinc removal from 48.30 to 95.32%.On the contrary, a significant decrease in zinc uptake per HBC-RH mass unit was observed. This could be attributed to the occurrence of abundant unsaturated active sites on HBC-RH during the sorption process. Effect of initial zinc concentration. Fig. 4 shows that 7.806 to 32.685mg/g was sorbed within the zinc initial concentration range of 10 to 150mg/L. The uptake of zinc onto HBC-RH approached equilibrium level around the initial concentration of 50mg/L.A minute increase of zinc sorption was 844 Process and Advanced Materials Engineering observed at concentrations greater than 50mg/L due to the saturation of HBC-RH sorption sites. On the other hand, increasing zinc concentration from 10 to 150mg/L decreases the zinc removal percentage from 85.20 to 32.53%. The decrease in zinc removal can be attributed to the gradual saturation of active sorption sites as the zinc concentration gradient increases. Fig. 5 ) within the first hour of contact between the metal ion solution and HBC-RH. This was then followed by slower sorption rate until equilibrium was obtained. The sorption of zinc contaminant occurred at two different stages; (a) rapid initial sorption rate, and (b) slow sorption rate. For example, 89.51% (26.85mg/g) of zinc was sorbed within the first 30mins which was followed by a slow sorption rate up to equilibrium. These results concur with the findings of other researchers such as Pellera et al. [10] and Zheng et al. [11] . They observed that in most heavy metal adsorption studies, a slower rate of adsorption is normally preceded by a quick initial sorption rate during the first few minutes, which was due to the existence of ample vacant active sites on the sorbent surface and a gradual saturation of these sites occurred with time. Table 1 , demonstrated that Langmuir isotherm best fitted the HBC-RH sorption of Zinc and the estimated HBC-RH maximum monolayer sorption capacity was 35.75mg/g. The kinetic data were best described by pseudo second-order as displayed in Table 2 , due to the high R 2 and close proximity of the calculated q e to the experimental (q exp ) Zinc sorption results. 
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Conclusion HBC-RH was able to reduce Zinc concentration of 30mg/L to a standard below the WHO recommended maximum contaminant level (MCL) for Zinc in drinking water.Thus, HBC-RH can be considered a promising hybrid adsorbent for the effective removal of zinc from waste water.The sorption efficiency of HBC-RH for Zinc was significantly dependent on factors such as pH, adsorbent dosage, initial metal concentration and contact.Above all, HBC-RH can easily be separated from aqueous solution after accomplishing its mission, avoiding separation complications faced by powder adsorbents in aqueous media.
